A Gram-positive bacterium strain, designated TT02-04 T , was isolated from a forest soil sample in Iriomote Island, Japan, and its taxonomic position was investigated by using a polyphasic approach. The peptidoglycan type of this organism was found to be A4a and lysine was the diagnostic cell-wall diamino acid of the peptidoglycan. The only menaquinone was MK-8(H 4 ), and the major fatty acid was anteiso-C 15 : 0 . Galactose was detected as the cell-wall sugar. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol mannosides. The DNA G+C content was 73.0 mol%. 16S rRNA gene sequencing studies indicated that strain TT02-04
The genus Georgenia was first proposed by Altenburger et al. (2002) with Georgenia muralis as the type species. It was later emended by Li et al. (2007) . This genus comprises Grampositive, non-sporulating, oxidase-and catalase-positive, motile or non-motile bacteria. The members of this genus have peptidoglycan type A4a (with lysine as the diagnostic diamino acid). The predominant menaquinone and the major fatty acid of members of this genus are ) and anteiso-C 15 : 0 , respectively. The genus Georgenia belongs to the family Beutenbergiaceae (Garrity et al., 2005; Zhi et al., 2009 ) of the suborder Micrococcineae. It currently comprises two species with validly published names: G. muralis (Altenburger et al., 2002) and Georgenia ruanii (Li et al., 2007) .
Strain T was isolated from a forest soil sample in Iriomote Island, Japan, using the SDS/yeast extract pretreatment method (Hayakawa & Nonomura, 1989) and humic acid-vitamin (HV) agar (Hayakawa & Nonomura, 1987) . Comparative 16S rRNA gene sequence analysis revealed that the isolate was a member of the suborder Micrococcineae. The objective of this study was to determine the taxonomic position of strain TT02-04
T by using a polyphasic approach.
NBRC medium 802 containing 1.0 % Polypepton (Wako), 0.2 % yeast extract (Difco), 0.1 % MgSO 4 . 7H 2 O and 1.5 % agar (if required) was used for general laboratory cultivation, morphological studies and for the determination of optimal growth parameters. The pH of the medium was adjusted to pH 7.0. Colony morphology was examined after incubation at 28 uC for 2 days. Cell morphology was investigated by examining cells from exponentially growing cultures under a light microscope (BX-51; Olympus) and a scanning electron microscope (JSM-6060; JEOL). Cell motility was investigated by examining cells suspended in saline solution by light microscopy. Gram-staining was performed by using Hucker's modification (Gerhardt et al., 1994) . The growth parameters (temperature, pH and NaCl concentration) were investigated by determining the turbidity (610 nm) of the cultures in test tubes containing 5 ml NBRC medium 802 after 1-4 days incubation. The temperature range and the optimum temperature for growth were determined by incubating the cultures at 5, 10, 15, 20, 25, 28, 37, 45, 50 and 60 u C. The pH range and the optimum pH for initial growth were established by using a medium that was adjusted to pH values between pH 4 and 11 with either 1 M HCl or 5 M KOH and incubated at 28 u C. Tolerance to NaCl (1, 3, 5, 7, 10 and 15 %) was tested at 28 u C. Physiological and biochemical tests were performed using API ZYM, API Coryne, API 20E and API 50 CH systems (bioMérieux) according to the manufacturer's instructions. Biomass for chemotaxonomic and molecular systematic studies was prepared by growing the strain in shake flasks containing liquid medium for 24-72 h. The reference strains used for comparison in the physiological tests and DNA-DNA hybridization tests were G. muralis NBRC 103560 T and G. ruanii NBRC 103883
Strain TT02-04 T formed circular, smooth, whitish-yellow colonies that were approximately 1-2 mm in diameter. The cells were irregular, short, rod-shaped (0.5-0.761.0-2.0 mm), Gram-positive, motile and non-spore-forming. Growth occurred at 10-45 uC, and no growth was observed at 5, 50 or 60 u C. The pH range for growth was pH 6.0-9.0. Optimal growth occurred at 28 u C and pH 7.0, but almost similar growth was observed between 25 and 45 u C. The strain demonstrated good growth at NaCl concentrations ranging between 0 and 5 % (w/v) and moderate growth at 7 % NaCl (w/v); however, no growth was observed at 10 or 15 % NaCl (w/v). The results of the other physiological and biochemical analyses are summarized in Table 1 and the species description.
Cell-wall extracts were prepared from approximately 1 g wet cells by mechanical disruption with an ultrasonic oscillator and purified as described by Schleifer & Kandler (1972) . The amino acids in the cell-wall hydrolysates were analysed as described by Tamura et al. (1994) , and the peptides were analysed by two-dimensional ascending TLC on cellulose plates using the solvent system of Schleifer & Kandler (1972) . Processing and analysis of the cellular fatty acids as methyl esters were performed by using the protocol of the MIDI Sherlock Microbial Identification System (Sasser, 1990) . Menaquinones were extracted from 300 mg freeze-dried cells and identified according to On: Thu, 10 Jan 2019 01:36:47 Tamura et al. (1994) . The cell-wall sugars, polar lipids and the DNA G+C content were analysed as described by Tamura et al. (1994) . Mycolic acids were analysed by using the method of Minnikin et al. (1975) and the acyl type of the cell-wall muramic acid was determined by using the method of Uchida et al. (1999) .
The peptidoglycan of strain TT02-04 T contained alanine, aspartic acid, glutamic acid and lysine. The peptide LysAsp was detected in the partial hydrolysate (4 M HCl, 45 min at 100 u C) of the peptidoglycan. These data indicated that the cell-wall peptidoglycan in strain TT02-04 T was of type A4a (Schleifer & Kandler, 1972) , with lysine as the diagnostic cell-wall diamino acid. Anteiso-C 15 : 0 (89.3 %), iso-C 14 : 0 (6.0 %) and iso-C 15 : 0 (4.7 %) constituted the major fatty acid profile of the strain. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol mannosides, and the only menaquinone detected was MK-8(H 4 ). Galactose was detected as the cell-wall sugar. The strain did not contain mycolic acid, and the acyl type of muramic acid was Nacetyl. The DNA G+C content was 73.0 mol%. PCR amplification of the 16S rRNA gene sequence of strain TT02-04 T was performed as described by Tamura & Hatano (2001) . This gene was directly sequenced using a BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) and an automatic DNA sequencer (ABI PRISM 3100 Genetic Analyzer; Applied Biosystems). The 16S rRNA gene sequence obtained in the present study was aligned with some reference sequences of the families Beutenbergiaceae, Bogoriellaceae (Stackebrandt & Schumann, 2000) , Cellulomonadaceae (Stackebrandt & Prauser, 1991) and Promicromonosporaceae (Stackebrandt et al., 1997) by using the CLUSTAL_X program (Thompson et al., 1997) . A phylogenetic tree was constructed by using the neighbourjoining (Saitou & Nei, 1987) and maximum-likelihood methods (Felsenstein, 1981) . The resultant neighbourjoining tree topology was evaluated by bootstrap analysis based on 1000 replicates (Felsenstein, 1985) . The almostcomplete 16S rRNA gene sequence (1480 nt) was compared with those from Georgenia species and other related taxa. Phylogenetic analysis of strain TT02-04 T revealed that the isolate and the type strains of the two recognized Georgenia species formed a monophyletic cluster (Fig. 1) ; the similarity values of the 16S rRNA gene sequences were 99.0 % (G. ruanii) and 97.7 % (G. muralis).
The microplate hybridization method developed by Ezaki et al. (1988 Ezaki et al. ( , 1989 was used with minor modifications to determine DNA-DNA relatedness. The DNA-DNA relatedness values between strain TT02-04
T and the type strains of the two Georgenia species, G. ruanii NBRC 103883 T and G. muralis NBRC 103560 T , were 45-47 and 7-10 %, respectively. These values are below the 70 % cut-off point of DNA-DNA relatedness, which is a criterion for the assignment of bacterial strains to a different genomic species (Wayne et al., 1987) .
The results of the phylogenetic analysis of the 16S rRNA gene sequence suggested that strain TT02-04 T belonged to the genus Georgenia, and the chemotaxonomic characteristics of the strain also corresponded with those of the genus Georgenia. The amino-acid composition of the peptidoglycan of the isolate was different from those of recognized Georgenia species. The isolate contained Asp in the peptidoglycan. In contrast, it has been reported that the peptidoglycan of the type strains of the two recognized Georgenia species do not contain Asp (Altenburger et al., 2002; Li et al., 2007) . The isolate has a particular characteristic of good growth at higher temperatures than the other Georgenia species. Thus, the results of the peptidoglycan analysis and physiological, biochemical and DNA-DNA hybridization tests distinguished the isolate from recognized Georgenia species (Table 1) . Therefore, strain TT02-04 T represents a novel species of the genus Georgenia, for which the name Georgenia thermotolerans sp. nov. is proposed.
Description of Georgenia thermotolerans sp. nov.
Georgenia thermotolerans (ther.mo.to9le.rans. Gr. n. therme heat; L. pres. part. tolerans tolerating; N.L. part. adj. thermotolerans able to tolerate high temperatures).
Cells are irregular, rod-shaped, 0.5-0.761.0-2.0 mm, Grampositive, motile, and non-sporulating. The sizes of the colonies are 1-2 mm in diameter, whitish-yellow, circular, opaque and oxidase-and catalase-positive. Growth occurs at NaCl concentrations of 0-7 % (w/v) but not at 10 or 15 % NaCl (w/v). Temperature range for growth is 10-45 u C, with an optimum growth temperature of 28 u C. Very similar growth rates occur between 25 and 45 u C. pH range for growth is pH 6.0-9.0, with optimum growth at pH 7.0. Growth occurs under both aerobic and anaerobic conditions. Acid is produced from D-ribose, D-xylose, D-glucose, methyl a-D-glucopyranoside, amygdalin, arbutin, salicin, Dcellobiose, maltose and sucrose. No acid production occurs from L-arabinose, L-xylose, D-mannose, D-mannitol, melibiose, trehalose, D-raffinose, starch or glycogen. Esterase (C4), esterase lipase (C8), leucine aminopeptidase, phosphohydrolase, b-glucuronidase, b-glucosidase, a-glucosidase, pyrazinamidase and pyrrolidonyl arylamidase are present; alkaline phosphatase, lipase (C14), valine aminopeptidase, cysteine aminopeptidase, trypsin, chymotrypsin, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase are absent. H 2 S and indole are not produced. Aesculin, gelatin and urea are not hydrolysed. Nitrate is reduced. The peptidoglycan is of the A4a type with aspartic acid. The cell-wall sugar is galactose. Major polar lipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol mannosides, and the only menaquinone is MK-8(H 4 ). The major cellular fatty acid is anteiso-C 15 : 0 , followed by iso-C 14 : 0 and iso-C 15 : 0 . Mycolic acid is not present and the acyl type of muramic acid is N-acetyl. The DNA G+C content of the type strain is 73.0 mol%.
The type strain, TT02-04 T (5NBRC 104148 T 5DSM 21501 T ), was isolated from a forest soil sample in Iriomote Island, Japan.
